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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a light deflec- 
tor that deflects an incident light, a method of manufac- 
turing the light deflector, an optical device using the light 
deflector, and a torsion oscillating member. 

Related Background Art 

[0002] Up to now, in a mechanical element that re- 
quires high-speed operation, its inertia causes a factor 
that largely impedes a drive speed. In particular, a me- 
chanical element that rotationally oscillates within a giv- 
en angle is required to reduce an inertia moment. In this 
case, however, attention is generally paid to a preven- 
tion of the rigidity of the driven mechanical element from 
being deteriorated. For this purpose, there has been 
widely known a method in which the mechanical ele- 
ment is of a hollow structure, and a method of fixing a 
reinforcement material (hereinafter referred to as "rib"). 
[0003] By the way : in recent years, with the develop- 
ment of the microelectronics represented by the high in- 
tegration of a semiconductor device, a variety of devices 
which are high in function and small in sizes are pro- 
duced. For example, an image display device such as 
a laser printer or a head mount display, which conducts 
optical scanning by using a light deflector, and a light 
reading device such as an input device including a bar 
code reader etc. are also added with a high function and 
are made small in sizes. Those devices are still required 
to be more downsized. As the light deflector that satis- 
fies the above-mentioned requirements, there has been 
proposed, for example, a light deflector that scans a light 
with employing a structure in which a micro mirror is tor- 
sion-oscillated by using the micro-machining technique. 
[0004] The micro mirror used in the light deflector of 
this type is demanded to have two performances of high- 
speed drive and high rigidity. In particular, in the case 
where the rigidity of the micro mirror is short, the micro 
mirror receives an inertia force due to its weight to cause 
a mirror surface largely bend at the time of driving. Be- 
cause the deflection remarkably deteriorates the optical 
characteristics of the mirror, the performance of the light 
deflector is lowered. Also, there are many cases in 
which the generating force of an actuator is restricted in 
the light reflector of this type, and when the spring rigid- 
ity of an elastic support portion is increased for the high- 
speed drive, there arises such a problem in that the de- 
flection angle is remarkably deteriorated. For that rea- 
son, a reduction of the inertia moment of the micro mir- 
ror, which is a movable part is required in order to en- 
large the light reflection angle. 

[0005] Under the above circumstances, the following 
structure has been proposed in order to reduce the in- 
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ertia moment while keeping the rigidity of the micro mir- 
ror. Figs. 1 A and 1 B are diagrams showing a light reflec- 
tor disclosed in "Proceedings of MENS2000, 
pp704-709. Fig. 1 A is a perspective view showing a mt- 

5 cro mirror portion, and Fig. 1 B is a cross-sectional view 
taken along the line 1 B-1 B of Fig. 1 A. 
[0006] A mirror portion 1001 of the light deflector is 
structured in such a manner that a cylindrical rib 1004 
of single crysta 1 silicon is fixed onto a polycrystal silicon 

10 film 1003 on which a metal thin film 1002 for reflecting 
a light from a light source is formed. The mirror portion 
1001 is coupled to a support substrate (not shown) 
through a torsion spring (not shown) of polycrystal sili- 
con that is elasticaily supported so as to be torsion-os- 

15 cillatable. The torsion spring is formed on the same 
plane as the polycrystal silicon film 1003 of the mirror 
portion 1001, In this light deflector, such a structure is 
employed in which the torsion spring is formed on the 
polycrystal silicon film 1 003 on which the metal thin film 

20 1 002 which is a reflection surface is formed, and the tor- 
sion spring is reinforced by the cylindrical rib 1 004. With 
this structure, because the rigidity greatly increases as 
compared with a case using a single unit of the poly- 
crystal silicon film 1 003 as the mirror portion 1 001 , a 

25 micro mirror that is high in rigidity and low in inertia mo- 
ment may be obtained. 

[0007] However, the light deflector disclosed in the 
above-mentioned literature is implemented by using the 
cylindrical rib 1004 which is 13 \irr\ in width and 15 p.m 

30 jn thickness, and the polycrystal silicon film 1003, which 
is 550 jim in diameter and 1 .5 u.m in thickness. Accord- 
ingly, in the conventional light deflector, the dynamic de- 
flection is not sufficiently suppressed due to short of the 
rigidity of the polycrystal silicon film 1 003. If an attempt 

35 is made to further suppress the dynamic deflection with- 
out changing the structure of the conventional light de- 
flector, there may be proposed the following two method 
as methods which can be employed while taking man- 
ufacturing limits into a consideration; a method of in- 

40 creasing the residual stress of the polycrystal silicon film 
1003 and a method of increasing the thickness of the 
cylindrical rib 1004. However, both of those methods 
suffer from such a problem in that the performance of 
the light deflector is remarkably deteriorated for the rea- 

45 sons stated below. 

1 ) In the case where the residual stress of the poly- 
crystal silicon film 1 003 is increased, the static flat- . 
ness of the polycrystal silicon film 1003 can not ob- 
50 tained. In addition, a reflection surface formed on 
the polycrystal silicon film 1003 also has a large 
curve, thereby causing the deformation of the de- 
flected light to deteriorate the reflection perform- 
ance. 

55 2) In the case where the thickness of the cylindrical 
rib 1 004 is increased, the mass of a portion at which 
the moment arm is maximum, increases. As a re- 
sult, the inertia moment greatly increases. Also, be- 
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cause the position of the center of gravity of the en- 
tire mirror portion 1 001 is eccentric from the center 
axis of the torsion of the torsion spring (hereinafter 
referred to as "torsion axis"), unnecessary oscilla- 
tions are liable to occur, thereby deteriorating the 
deflection performance. 

SUMMARY OF THE INVENTION 

[0008] The present invention has been made in view 
of the above-mentioned problems inherent in the related 
art, and therefore an object of the present invention is 
to provide a downsized light deflector which is capable 
of being driven at high speed; which takes a large de- 
flection angle even by an actuator having a lower gen- 
eration force; which is excellent in the static flatness of 
the reflection surface; and which is small in the distortion 
even at high-speed operation, a method of manufactur- 
ing the light deflector and an optical device using the 
light deflector. 

[0009] Accordingly, the present invention provides a 
light deflector in which both ends of a movable plate is 
supported to a support substrate by an elastic support 
portion, a reflection surface is formed on one surface of 
the movable plate, and the movable plate is torsion-os- 
cillated about a torsion axis of the elastic support portion 
as a center to deflect an incident light that enters the 
reflection surface, wherein a recessed portion is formed 
on at least one side surface of both sides, which is a 
surface on which the reflection surface is not formed, 
and between which the torsion axis of the elastic support 
portion is interposed. 

[0010] Further, the present invention provides a light 
deflector in which both ends of a movable plate is sup- 
ported to a support substrate by an elastic support por- 
tion, a reflection surface is formed on one surface of the 
movable plate : and the movable plate is torsion-oscillat- 
ed about a torsion axis of the elastic support portion as 
a center to deflect an incident iight that enters the re- 
flection surface, wherein at least one of surfaces, which 
is a surface of the movable plate opposite to the reflec- 
tion surface, and between which the torsion axis of the 
elastic support portion is interposed, is made a step con- 
figulation so as to gradually outwardly reduce the thick- 
ness of the movable plate. 

[0011] Still further the present invention provides a 
light deflector in which both ends of a movable plate is 
supported to a support substrate by an elastic support 
portion, a reflection surface is formed on one surface of 
the movable plate, and the movable plate is torsion-os- 
.cillated about a torsion axis of the elastic support portion 
as a center to deflect an incident light that enters the 
reflection surface, wherein a through-hole is formed on 
at least one of surfaces between which the torsion axis 
of the elastic support portion of the movable plate is in- 
terposed and in the periphery of the effective reflection 
region of the movable plate. 

[0012] Further, the present invention provides a meth- 



od of manufacturing a light deflector, comprising the 
steps of: 

forming mask layers on both surfaces of a silicon 

5 substrate; 

removing the mask layer on a surface where a re- 
flection surface is formed, with the mask layers cor- 
responding to the outer configuration portions of a 
support substrate, an elastic support portion and a 

10 movable plate being left unremoved; 

removing the mask layer on an opposite side to the 
surface where the reflection surface is formed, with 
the mask layer corresponding to the outer configu- 
ration portions of a support substrate, an elastic 

15 support portion and a movable plate being left un- 
removed, and removing the mask layer on the re- 
cessed portion of the movable plate; 
emerging the silicon substrate in an alkali aqueous 
solution and conducting an anisotropic etching 

20 process to separate the silicon substrate into the 
support substrate, the elastic support portion and 
the movable plate, and forming a recessed portion 
in one surface of the movable plate; 
removing the mask layer on the silicon substrate; 

25 and 

forming a reflection film on the surface on which the 
reflection surface of the movable plate is formed. 

[0013] Still further, the present invention provides a 
30 method of manufacturing a light deflector, comprising 
the steps of: 

forming a mask layer on one surface of a silicon 
substrate; 

35 forming a reflection film on a portion of the other sur- 
face of the silicon substrate on which a reflection 
surface is formed; 

removing the mask layer formed on the silicon sub- 
strate portions where a support substrate, an elastic 
40 support portion and a movable plate are formed be- 
ing left unremoved, and etching the regions of the 
silicon substrate, with the regions the support sub- 
strate, the elastic support portion and the movable 
portion being left unetched, to a given depth through 
45 a dry etching process; 

repeatedly conducting the removal of the recessed 
portion of the mask layer formed on the silicon sub- 
strate and the etching of the given depth due to the 
dry etching of the silicon substrate in accordance 
so with the number of recessed portions formed on the 
movable plate in a direction crossing the torsion ax- 
is of the elastic support portion, to thereby separate 
the silicon substrate into the support substrate, the 
elastic support portion and the movable plate, and 
55 to form on the movable plate a plurality of recessed 
portions that gradually outwardly increase its diam- 
eter and its depth from the torsion axis; and 
removing the mask layer of the silicon substrate. 



40 
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[0014] Yet further, the present invention provides a 
method of manufacturing a light deflector, comprising 
the steps of: 

forming a mask layer on one surface of a silicon 
substrate; 

forming a reflection film on a portion of the othersur- 
face of the silicon substrate on which a reflection 
surface is formed; 

removing the mask layer formed on the silicon sub- 
strate portions where a support substrate, an elastic 
support portion and a movable plate are formed be- 
ing left unremoved, and etching the regions of the 
silicon substrate, among the regions the support 
substrate, the elastic support portion and the mov- 
able portion being left unetched, to a given depth 
through a dry etching process; 
repeatedly conducting the removal of a flat portion 
of a step configuration portion of the mask layer 
formed on the silicon substrate and the etching of 
the given depth due to the dry etching of the silicon 
substrate in accordance with the number of step 
configurations formed on the movable plate, to 
thereby separate the silicon substrate into the sup- 
port substrate, the elastic support portion and the 
movable plate, and to form on the movable plate 
step portions that gradually outwardly increase its 
diameter and its depth from the torsion axis; and 
removing the mask layer of the silicon substrate. 

[0015] In addition, an object of the present invention 
provides a torsion oscillating member comprising a 
movable plate : a shaft and a support substrate, in which 
the movable plate is supported to the support substrate 
by the shaft connected to both ends of the movable 
plate, and the movable plate is torsion-oscillatable about 
the shaft as a center, wherein a recess is formed on at 
least one region of both sides between which a region 
on the extension of the shaft is interposed on one face 
of the movable plate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] These and other objects and advantages of 
this invention will become more fully apparent from the 
following detailed description taken with the accompa- 
nying drawings. 

Figs. 1A and 1B are diagrams showing a light de- 
flector in the related art. 

Fig. 2 is a perspective view showing a light deflector 
in accordance with a first embodiment of the 
present invention. 

Figs. 3A and 3B are cross -sectional views taken 
along a line 3A-3A and a line 3B-3B of Fig. 2, re- 
spectively. 

Figs. 4A and 4B are diagrams for an explanation of 
the deformation of a movable plate shown in Fig. 2. 



Fig. 5 is a graph showing a relationship between an 
extending angle of the movable plate shown in Fig. 
2 from a reflection surface and the relative intensity 
of a beam spot with a parameter as a deflection 

5 amount 5. 

Figs. 6A and 6B are graphs showing the simulation 
results of changes in an inertia moment and the 
maximum deflection amount 5 in the case where the 
length L of a recessed portion of the movable plate 

10 is changed. 

Figs. 7A, 7B, 7C, 7D and 7E are diagrams for an 
explanation of a method of manufacturing the light 
deflector shown in Fig. 2. 

Fig. 8 is a perspective view showing a light deflector 
15 jn accordance with a second embodiment of the 
present invention. 

Fig. 9 is a perspective view showing a light deflector 
in accordance with a third embodiment of the 
present invention. 
20 Figs. 1 0A and 1 0B are a plan view and a cross-sec- 
tional view showing the movable plate shown in Fig. 
9. 

Figs. 11A, 11B, 11C, 11D, 11E, 11F, 11G, 1tH, 111 
and 11 J are diagrams for an explanation of a metri- 
cs od of manufacturing the light deflector shown in Fig. 
9. 

Fig. 1 2 is a perspective view showing a light deflec- 
tor in accordance with a fourth embodiment of the 
present invention. 
30 Figs. 13A, 13B, 13C, 13D, 13E, 13F, 13G, 13H, 131 

and 1 3J are diagrams for an explanation of a meth- 
od of manufacturing the light deflector shown in Fig. 
12. 

Fig. 14 is a diagram showing a light deflector in ac- 
35 cordance with a fifth embodiment of the present in- 
vention. 

Fig. 1 5 is a diagram showing an optical device using 
the light deflector in accordance with one embodi- 
ment of the present invention. 
40 Fig. 1 6 is a diagram showing an optical device using 
the light deflector in accordance with another em- 
bodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
45 EMBODIMENTS 

[0017] Now, a description will be given in more detail 
of preferred embodiments of the present invention with 
reference to the accompanying drawings. 

50 

(First Embodiment) 

[0018] Fig. 2 is a perspective view showing the struc- 
ture of a light deflector that is an example of a torsion 
55 oscillating member in accordance with a first embodi- 
ment of the present invention. Referring to Fig. 2, a light 
deflector 1 is structured in such a manner that both ends 
of a movable plate 6 are supported to a support sub- 
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strate 2 by an elastic support body (torsion spring) 3 cor- 
responding to a torsion oscillating motion shaft. The tor- 
sion spring 3 supports the movable plate 6 so as to be 
torsion-oscillatable elastically in directions E, that is, in 
both of a clockwise direction and a counterclockwise di- 
rection with a shaft C (that is, the torsion axis) as a cent- 
er. Also, one surface of the movable plate 6 forms a re- 
flection surface 4 (a back side of the drawing and not 
shown), and deflects an incident light that enters the re- 
flection surface 4 by a given displacement angle due to 
the torsion of the movable plate 6 in the direction E. Be- 
cause the movable plate 6 has its both ends connected 
to the torsion spring 3, respectively, the movable plate 
6 is supported by a support substrate 2. Also, the mov- 
able plate 6 torsion-oscillates but does not rotate with 
the shaft C as a center. Also, a direction indicated by an 
arrow E in Fig. 2 is directed in parallel with a surface that 
is perpendicular to the torsion axis C, on which the re- 
flection surface 4 of the movable plate 6 is formed, and 
in particular, the direction indicated by the arrow E is 
called "a direction away from the torsion axis" in the 
present specification. 

[0019] In this embodiment, the support substrate 2, 
the movable plate 6, the reflection surface 4, the torsion 
spring 3 and a recessed portions 5A : 5B and 5C that will 
be described later are integrally formed with each other 
by single crystal silicon through the micro-machining 
technique applying a semiconductor manufacturing 
technique. 

[0020] The recessed portion 5A is formed in the mov- 
able plate 6 in such a manner that a surface whose nor- 
mal is along the direction D (hereinafter referred to as 
"side surface", and the side surface means a reflection 
surface of the movable plate 6, that is, a side surface 
with respect to a rear surface not shown in the figure) is 
recessed, and a plurality of recessed portions 5B and 
5C are formed in a surface where no reflection surface 
4 of the movable plate 6 is formed (hereinafter referred 
to as "rear surface") in such a manner that both sides of 
the torsion axis have a recess structure. Therefore, the 
movable plate 6 is the thickest in the vicinity of the tor- 
sion axis C, and in this embodiment, no recessed portion 
is formed on the torsion axis C, that is, a region posi- 
tioned on the rear surface of the movable plate 6 on the 
extension of the torsion spring 3. Then, the mass of the 
movable plate 6 that supports the reflection surface 4 
becomes smaller as the movable plate 6 is far from the 
torsion axis. 

[0021] Fig. 3A is a cross-sectional view taken along a 
line 3A-3A of Fig. 2, and Fig. 3B is a cross-sectional view 
taken along a line 3B-3B. The respective surfaces of the 
torsion spring 3 and the recessed portions 5A, 5B and 
5C are structured by (11 1 ) plane of the single crystal sil- 
icon wafer that becomes a member as shown in Figs. 
3A and 3B. Because the (1 00) plane and the (111) plane 
of silicon are arranged at an angle of about 54.7° as 
shown in the figure, it is possible to structure the side 
wall and the rear surface of the movable plate 6 in re- 



cessed shapes by the (111) plane as shown in Fig. 3A. 
Also, the cross-section taken along a line 3B-3B of the 
torsion spring 3 forms an X-shaped section surrounded 
by the (111) plane and the (1 00) plane as shown in Fig. 

5 3B. Referring to Fig. 2, a recessed portion due to the X- 
shaped structure of the torsion spring 3 is shown in the 
top view of the torsion spring 3. The recessed portion is 
so disposed as to extend in the torsion axial direction of 
the torsion spring 3, but does not extend up to the sup- 

10 port substrate 2 and the movable plate 6. 

[0022] Also, in this embodiment, the movable plate 6 
is lightened as much as the recessed portions 5A, 5B 
and 5C as compared with a case the movable plate 6 is 
shaped in a simple rectangular parallelepiped, and the 

'5 inertia moment at the time of torsion oscillation becomes 
small. In particular, because the inertia moment is de- 
termined by the total sum of the products of the mass of 
the movable plate 6 and the square of a distance of the 
movable plate 6 from the torsion axis C, the mass of 

20 silicon of the movable plate 6 that supports the reflection 
surface 4 is reduced more as the movable plate 5 is far 
from the torsion axis C as in the recessed portions 5A, 
5B and 5C, thereby being effectively reducing the inertia 
moment. 

25 [0023] On the other hand, paying attention to the solid 
portion of the movable plate 6, the solid portion increas- 
es toward a position closer to the torsion axis C due to 
the recessed portions 5A, 5B and 5C. Because a large 
deflection moment is applied to the movable plate 6 

30 more as the movable plate 6 is closer to the torsion axis 
C at the time of torsion oscillation, the structure of the 
recessed portions 5B and 5C (shape or size) is appro- 
priately set with the result that the rigidity of the movable 
plate 6 is hardly adversely affected by the formation of 

35 the recessed portions 5A, 5B and 5C. In addition, as 
shown in Fig. 2, the recessed portions 5A, 5B and 5C 
of the movable plate 6 are arranged in lines along the 
torsion axis C, and because the solid portions that re- 
main between the lines shape ribs, the movable plate 6 

40 can be effectively supported. In this way, the light de- 
flector 1 of this embodiment can reduce the inertia mo- 
ment while sufficiently keeping the rigidity of the mova- 
ble plate 6. 

[0024] Incidentally, in the light deflector in accordance 
45 with this embodiment which is the torsion oscillating 
member that requires high-speed driving, there is re- 
quired that the inertia moment is reduced while the ri- 
gidity of the movable plate 6 is highly kept, and in view 
of this, this embodiment is very useful for the reasons 
50 stated below. 

[0025] The light deflector 1 according to this embodi- 
ment is driven with, for example, a frequency 22 kHz 
which is a resonance frequency of the movable plate 6 
and a variable angle ±1 1 .7° of the movable plate 6. The 
55 movable plate 6 is deformed by receiving the inertia 
force caused by its weight due to the torsion oscillation. 
Fig. 4A is a cross-sectional view showing the movable 
plate 6 in the case where the torsion axis C when the 



5 



BNSDCCID: <EP 1 275997A2_I_> 



9 



EP 1 275 997 A2 



10 



movable plate 6 is a flat plate (rectangular parallelepi- 
ped) is normal. 

[0026] Because the movable plate 6 according to this 
embodiment generates the torsion oscillation excited at 
the resonance frequency, the displacement angle of the 
movable plate 6 with respect to a time changes in a sine 
wave shape. Then, the largest deformation occurs at a 
portion where the highest angular acceleration is effect- 
ed (for example, if all of the sine wave shaped oscilla- 
tions are set as the applied region of the light deflector, 
the portion is in the vicinity of the largest displacement 
angle). Fig. 4B shows the appearance of the deforma- 
tion of the movable plate 6 in this situation. As shown in 
Fig. 4B, when the movable plate 6 is deformed, the re- 
flection surface 4 formed on the movable plate 6 is de- 
formed likewise. In the case where the deformation is 
remarkable, the optical characteristic exhibited as the 
light deflector is remarkably deteriorated without ensur- 
ing the flatness of the reflection surface 4 over the ap- 
plied region of the light deflector. 

[0027] When a laser having the Gaussian distribution 
is made incident onto the uneven reflection surface, the 
shape of a beam spot reflected by the unevenness and 
formed is deformed. The deformation of the beam spot 
deteriorates the optical characteristic of the light deflec- 
tor. As shown in Fig. 4B, the reflection surface 4 de- 
formed (undulated) can be regarded as a reflection sur- 
face where the means plain face Q is calculated from 
the reflection surface 4 through the least square, and 
the reflection surface of the face Q has the unevenness 
of the deformation profile of the reflection surface 4. 
Therefore, an amount farthest from the face Q is taken 
as the representative value of the deflection amount of 
the reflection surface 4, and a distance of that portion 
of the reflection surface 4 from the face Q is set as the 
maximum deflection amount 6. 

[0028] The beam spot reflected and formed by the re- 
flection surface 4 whose inner portion has the width W 
= 1 mm from the intensity contour which becomes 1/e 2 
(e is a natural logarithm) of the maximum intensity of the 
beam spot of the laser having a wavelength A. is calcu- 
lated with the results shown in Fig. 5. Fig. 5 shows a 
relationship between the expanding angle from the re- 
flection angle 4 and the relative intensity of the beam 
spot at that time (the center peak value at the time of 5 
= 0 is set as 1 ) in the case of 5 = 0, 5 = A/1 6 and 6 = A/ 
1 0. As is apparent from Fig. 5, as the deflection amount 
8 of the reflection surface 4 increases, the center peak 
of the beam spot on a screen decreases, and a second 
peak remarkably appears at a position slightly apart 
from the center. Also, a tendency is made to increase 
the expansion of the bottom of the spot. 
[0029] The center peak is lowered to about 0.8 in the 
relative intensity at the time of 6 = A/1 6 and about 0.5 in 
the relative intensity at the time of 5 = A/1 0. At the same 
time, the second peak is lowered to 0.15 in the relative 
intensity at the time of 5 = A/16 and 0.3 in the relative 
intensity at the time of 5 = A/1 0. In this way, when a dif- 



ference in the intensity between the second peak and 
the center peak is reduced, the beam spot is observed 
as an envelope shaped spot formed by the center peak 
and the second peak. As a result, the apparent beam 
5 spot is enlarged, to thereby lead to a remarkable dete- 
rioration of the resolution of the light deflector. There- 
fore, unless the maximum deflection amount 5 must be 
set to A/16 or lower such that the second peak is the 
intensity of about 20% of the center peak, and the rela- 
te tive intensity of the center peak is about 0.8, the reso- 
lution is largely adversely affected by the maximum de- 
flection amount. 

[0030] Subsequently, the simulation results of the 
light deflector having a recessed portion in the movable 

15 portion 6 as in this embodiment and a light deflector hav- 
ing no recessed portion will be described. First, the mov- 
able plate 6 of the light deflector, according to this em- 
bodiment is designed such that the width W is set to 
1300 um, the length P is set to 1100 um, and the thick- 

20 ness t is set to 200 urn. Also, as shown in Fig. 3 A, the 
recessed portion 5A formed by the recessed (111) plane 
is set to about 75 jam in the depth, the recessed portions 
5B and 5C are set to about 180 urn in the depth, the 
pitches of the respective recessed portions are set to 

25 270pm, and other dimensions are indicated in Fig. 3A. 
[0031] Also, there are provided the movable plates 
having the length L of the recessed portions 5B and 5C 
changed to 0 um (that is, the recessed portions 5B and 
5C are not formed on the rear surface of the movable 

30 plate 6, and only the recessed portion 5A is formed on 
the side surface), 250 urn, 400 um, 500 um and 600 um, 
respectively. It is assumed that the length L is changed 
in a direction indicated by an arrow toward the inner side 
of the movable plate 6 from the end portion thereof as 

35 shown in Fig. 3A. The effects of this embodiment will be 
described on the basis of the simulation result by com- 
paring a case of the respective movable plates different 
in the length L with a case of a rectangular parallelepi- 
ped having no recessed portion. 

40 [0032] Figs. 6A and 6B show the simulation results of 
a reduced amount of the inertia moment (ratio: when the 
shape of the recessed portions 5B and 5C are rectan- 
gular parallelepiped, the value is 1) in the case where 
the length L of the recessed portions 5B and 5C of the 

45 movable plate 6 is changed and the maximum deflection 
amount 8 at the maximum displacement angle at the 
time of driving with the frequency 22 kHz and the dis- 
placement angle of the movable plate ±11.7°, respec- 
tively. 

so [0033] As is apparent from Fig. 6 A, in the case where 
the recessed portion 5A is formed on the side surface 
of the movable plate (L = 0), the inertia moment of about 
20% can be reduced as compared with the rectangular 
parallelepiped. Also, recessed portions 5B and 5C are 

55 formed and the inertia moment can be reduced more as 
the lengths L of the formed recessed portions 5B and 
5C are longer, and for example, the inertia moment can 
be reduced down to about 50% as compared with the 
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rectangular parallelepiped in the case of L = 500 ujti. 
The inertia moment is reduced by only about 1 % as 
compared with the case of L = 500 u,m and li = 600 |±m, 
and therefore it is desirable to form the recessed por- 
tions 5B and 5C at portions apart from the torsion axis 
C in effectively reducing the inertia moment. 
[0034] Fig. 6B shows a relationship of the length L of 
the recessed portions 5B and 5C and the maximum de- 
flection amount 6. As is apparent from Fig. 6B, it is un- 
derstood that between L = 0fim and L = 400 urn, the 
maximum deflection amount 5 becomes smaller than 
that in the case where the shape of the recessed por- 
tions 5B and 5C are rectangular parallelepiped. Also, in 
the case where the lengths L of the recessed portions 
5B and 5C are longer than L = 400 ujti, a tendency is 
made to remarkably increase the maximum deflection 
amount, and it is found that the rigidity of the movable 
plate is remarkably deteriorated with the provision of the 
recessed portions 5B and 5C at the portions closed to 
the torsion axis C. 

[0035] Therefore, as is apparent from Figs. 6A and 
6B, even in the case where only the recessed portion 
5A is formed on the side surface of the movable plate 
6, the inertia moment can be reduced by about 20% as 
compared with the case of the rectangular parallelepi- 
ped, and the maximum deflection amount 5 can be also 
reduced by about 23%. In the case of further forming 
the recessed portions 5B and 5C, an optimum shape 
can be obtained so that the maximum deflection amount 
5 starts to rapidly increase, and the inertia moment can 
be largely reduced in the vicinity of L= 400 urn indicative 
of a tendency that the inclination of a reduction of the 
inertia moment is gradually lowered, and the maximum 
deflection amount 5 can be made substantially equal to 
that of the rectangular parallelepiped. 
[0036] However, the maximum deflection amount 8 
has various allowable values depending on the wave- 
length of a light made incident onto the light deflector, 
and if there is considered a case in which the light of, 
for example, wavelength 440 nm is deflected in this em- 
bodiment, the allowable maximum deflection amount 5 
becomes A/1 6 = about 27.5 nm, and the shape close to 
L = 500 um is that the inertia moment of the movable 
plate 6 can be most reduced without a remarkable re- 
duction in the resolution caused by the maximum de- 
flection amount 5. As described above, in this embodi- 
ment, since the inertia moment can be reduced while 
keeping the high rigidity of the movable plate 6, it can 
sufficiently cope with the high-speed driving as de- 
scribed above. 

[0037] Subsequently, a method of manufacturing the 
light deflector 1 according to this embodiment will be de- 
scribed with reference to Figs. 7A to 7E. Figs. 7A to 7E 
are process diagrams showing the manufacturing meth- 
od of the light deflector 1 according to this embodiment 
due to anisotropic etching using an alkali aqueous so- 
lution. First, as shown in Fig. 6A, mask layers 101 of 
silicon nitride are formed on both surfaces of aflat silicon 



substrate 104 through a low-pressure chemical vapor 
deposition or the like. 

[0038] Subsequently, as shown in Fig. 7B, a surface 
of the mask layer 101 on which the reflection surface 4 

5 is formed is patterned in accordance with the outer con- 
figurations of portions where the support substrate 2, the 
movable plate 6 and the torsion spring 3 will be formed. 
This patterning is conducted by normal photolithograph 
and a dry etching process using a gas (for example, 

10 CF 4 ) that erodes silicon nitride. Also, as shown in Fig. 
7C, a surface of the mask layer 1 01 on which the reflec- 
tion surface 4 is not formed is patterned in accordance 
with the outer configurations of the support substrate 2, 
the movable plate 6, the torsion spring 3 and the re- 

*5 cessed portions 5B and 5C. Similarly, in this case, the 
patterning is conducted in the same manner as that 
shown in Fig. 7B. 

[0039] Subsequently, as shown in Fig. 7D, the product 
is emerged in an alkali aqueous solution (for example, 

20 potassium hydroxide aqueous solution, tetramethylam- 
monium hydroxyde aqueous solution or the like) re- 
markably different in a rate at which the product cor- 
rodes by the crystal face of the single crystal silicon for 
a desired period of time, to thereby conduct the aniso- 

25 tropic etching process, thus forming the support sub- 
strate 2, the movable plate 6, the torsion spring 3 and 
the recessed portions 5A, 5B and 5C shaped as shown 
in Fig. 7D. Because the anisotropic etching is processed 
in such a manner that the etching rate is high on the 

30 (100) plane and low on the (111) plane, etching is ad- 
vanced from both of the front surface and the rear sur- 
face of the silicon substrate 1 04, to thereby make it pos- 
sible to accurately process the produce i nto a shape sur- 
rounded by the (100) plane and the (111) plane of apor- 

35 tion covered with the mask layer 101 due to a relation- 
ship between the pattern of the mask layer 101 and the 
crystal face of silicon. That is, the recessed portions 5B 
and 5C made up of the (111) plane are formed on the 
rear surface of the movable plate 6 due to the alkali an- 

40 isotropic etching, and the recessed portion 5A made up 
of the (111) plane is formed on the side face of the mov- 
able plate 6, and at the same time, the torsion spring 3 
is processed in an X-shaped polygon (refer to Fig. 3B) 
surrounded by the (100) plane and the (111) plane 

45 through that etching process. 

[0040] Then, as shown in Fig. 7E, the mask layer 1 01 
of silicon nitride is removed, and a metal (for example, 
aluminum or the like) having a high reflectance is further 
vacuum-deposited as the reflection surface 4. Through 

so the above manufacturing method, the movable plate 6 
in which the support substrate 2 and the recessed por- 
tions 5A, 5B and 5C are formed and the torsion spring 
3 are formed integrally with each other (according to the 
manufacturing method of this embodiment, the reflec- 
ts tion surface 4 is further integrated with those members), 
to thereby complete the light deflector shown in Fig. 2. 
[0041] The light deflector 1 according to this embodi- 
ment is designed such that the movable plate 6 is elas- 
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tically supported so as to be torsion-oscillatable about 
the torsion axis C by the torsion spring 3, and the reflec- 
tion surface 4 formed on the movable plate 6 is contin- 
uously torsion-oscillated by a driving means (not 
shown), thereby being capable of deflecting and scan- 
ning the incident light. 

[0042] Also, a recessed portion made up of the (111) 
plane of silicon is formed on the side surface and the 
rear surface of the movable plate 6, thereby being ca- 
pable of reducing the inertia moment of the movable 
plate 6 while keeping a desired specification value using 
the deflection amount of the movable plate 6 as the light 
deflector. In particular, the section of the torsion spring 

3 is formed in the X-shaped polygon made up of the 
(100) plane and the (111) plane of silicon, to thereby 
make it possible to elastically support the movable plate 
6 in such a manner that the movable plate 6 is liable to 
twist about the torsion axis C and is difficult to bend in 
a direction perpendicular to the torsion axis C.The mov- 
able plate 6 makes it difficult to generate unnecessary 
oscillations other than the torsion oscillation about the 
torsion axis C due to the torsion spring 3 made up of the 
X-shaped section, and the light deflector small in distur- 
bance can be realized. 

[0043] In addition, according to the manufacturing 
method of the light deflector 1 of this embodiment, since 
both structures of the movable plate 6 and the torsion 
spring 3 can be processed by one alkali anisotropic 
etching process, mass production can be made very in- 
expensively. Also, because the design can be changed 
by adjusting the mask pattern of photolithograph and the 
etching period of time, the light deflector can be manu- 
factured increasingly inexpensively and with a shorten 
duration of development. In addition, because the 
shapes of the movable plate 6 and the torsion spring 3 
are determined by the (111) plane of single crystal sili- 
con, it is possible to conduct the processing with a high 
precision. 

[0044] Also, single crystal silicon not only has the ma- 
terial characteristics that are very suitable for the mov- 
able plate of the deflector because of the small density 
and the high Young's modulus, but also obtains an op- 
tically smooth surface by using the mirror ground sur- 
face of silicon wafer. 

[0045] In Fig. 2, the reflection surface 4 is used as the 
light deflector element, but even if the reflection surface 

4 is used as a reflection type diffraction grating, the light 
deflector that conducts the same operation due to the 
torsion oscillation of the movable plate 6 can be struc- 
tured. In this case, because the deflection light becomes 
a diffraction light with respect to the incident light, a plu- 
rality of deflection lights can be obtained by one beam. 
In the following embodiment, in particular, a case in 
which the light deflection element is set as the reflection 
surface 4 will be described, but in all of the following 
embodiments, the light deflection element may be re- 
placed by the reflection diffraction grating. 



(Second Embodiment) 

[0046] Fig. 8 is a perspective view showing the light 
deflector in accordance with a second embodiment of 

5 the present invention. A difference of Fig. 8 from Fig. 2 
resides in that a recessed portion for reducing the inertia 
moment is formed on only one side of the movable plate 
6 through the torsion axis, and a movable core 8 that is 
a part of the actuator is disposed at a side where the 

10 recessed portion of the movable plate 6 is not formed. 
Other structures are identical with those in Fig. 2. The 
movable core 8 is made of a soft magnetic body (for ex- 
ample, Fe-Ni alloy) or a hard magnetic body (for exam- 
ple, Ni-Co-P alloy), and its dimensions are, for example, 

15 200 jj,m in width, 50 urn in thickness and 1100 urn in 
length. The movable core 8 is arranged to extend in a 
direction of the shaft C on one end of the movable plate 
6. The movable core 8 is a member different from the 
movable plate 6 and stuck onto the movable plate 6. 

20 Then, a fixed core (so-called electromagnet) on which 
a coil for sucking the movable core 8 and generating a 
torque in the movable plate 6 is wound is located outside 
of the support substrate 2, and the movable plate 6 is 
driven by an electromagnetic force by energizing the 

25 coil. In this sway, even in the structure having the mov- 
able core 8 on one side thereof, the inertia moment of 
the movable plate 6 can be reduced. 
[0047] Also, as the method of manufacturing the light 
deflector according to this embodiment, the manufac- 

30 turing method shown in Figs. 7A to 7E can be employed. 
In a process of Fig. 7C, a part of the mask layer 101 
corresponding to the recessed portion 5C remains. 
Then, the processes of Figs. 7D and 7E are sequentially 
conducted, thereby being capable of forming the re- 

35 cessed portion 5B on only one side as shown in Fig. 8. 
Thereafter, the movable core 8 is made to adhere to the 
other side of the movable plate 6, for example, with an 
adhesive, to thereby complete the light deflector of this 
embodiment. The adhesion may be made by heating or 

^0 by irradiating of ultraviolet rays. 

(Third Embodiment) 

[0048] Fig. 9 is a perspective view showing a light de- 
45 fiector in accordance with a third embodiment of the 
present invention. In Fig. 9, the same parts as those of 
Fig. 2 are designated by like reference. In a light deflec- 
tor 21 according to this embodiment, the respective 
rows of the recessed portions 5A', 5B' and 5C are 
so formed on a surface of the movable plate 6 opposite to 
the reflection surface 4 on both sides of the torsion axis 
along the axial direction. In this embodiment, the re- 
spective recessed portions in a direction perpendicular 
to the axial direction are designed such that the opening 
55 of the recessed portion farther from the shaft is more 
widened. Also, the support substrate 2, the torsion 
spring 3 and the' reflection surface 4 are identical with 
those shown in Fig. 2, and the support substrate 2, the 
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torsion spring 3, the movable plate 6, the recessed por- 
tions 5A\ 5B* and 5C are integrally formed with each 
other by single crystal silicon through the micro-machin- 
ing technique applying the semiconductor manufactur- 
ing technique as in the first embodiment. The torsion 
spring 3 is preferably shaped in the X-shaped section 
as described in Fig. 3B, but is not in the X-shaped sec- 
tion in Fig. 9 for convenience and shaped in a rectangu- 
lar parallelepiped having no recessed portion. 
[0049] Fig. 1 0A is a plan view of a portion close to the 
movable portion 6 shown in Fig. 9, and Fig. 1 0B is a 
cross-sectional view taken along a line 10B-10B of Fig. 
10A. This embodiment is structured in such a manner 
that the ratio of the recessed portion formed in the mov- 
able plate 6 increases more toward positions farther 
from the torsion axis C of the torsion spring 3. In other 
words, as shown in Figs. 10A and 10B, the diameter 
(opening area) and the depth of the recessed portions 
increase more toward the outer peripheral direction of 
the movable plate 6 in the stated order of the recessed 
portions 5A\ 5B* and 5C. 

[0050] For that reason, the movable portion 6 is light- 
ened as much as the recessed portions 5A\ 5B' and 5C\ 
thereby being capable of reducing the inertia moment 
at the time of torsion oscillation. In particular, because 
the inertia moment is determined by the total sum of the 
products of the mass of the movable plate 6 and the 
square of a distance of the portion of the movable plate 
6 from the rotary shaft, the capacity of the recessed por- 
tions increases more toward the positions farther from 
the torsion axis in the stated order of the recessed por- 
tions 5A\ 5B' and 5C\ thereby being capable of effec- 
tively reducing the inertia moment. 
[0051 ] On the other hand, paying attention to the solid 
portion of the movable plate 6 : the solid portion increas- 
es toward a position closer to the torsion axis due to the 
recessed portions 5A\ 5B' and 5C\ Because a larger 
deflection moment is applied to the movable plate 6 as 
the portion of the movable plate 6 is closerto the torsion 
axis at the time of torsion oscillation, this structure does 
not substantially permit the rigidity of the movable plate 
6 to be adversely affected by the formation of the re- 
cessed portions 5A\ 5B' and 5C\ In addition, as shown 
in Fig. 10A : the recessed portions 5A\ 5B' and 5C* are 
formed in rows along a direction perpendicular to the 
torsion axis, and the solid portions that remain between 
the rows are shaped in ribs with the result that the mov- 
able plate 6 can be effectively supported. 
[0052] In this way : because the light deflector 21 of 
this embodiment can reduce the inertia moment while 
sufficiently keeping the rigidity of the movable plate 6, 
the dynamic deflection of the movable plate 6 and the 
reflection surface 4 formed on the movable plate 6 at 
the time of torsion oscillation can be reduced. Similarly, 
in this embodiment, it is possible that the recessed por- 
tions 5A', 5B' and 5C are formed on only one side of the 
movable portion 6, and a movable core 8 is disposed on 
the other side thereof as in the second embodiment. Al- 



so, a recessed portion may be formed on the side sur- 
face of the movable plate 6. 

[0053] In the light deflector 21 according to this em- 
bodiment, for example, the reflection surface 4 is set to 

5 1 mm x 1 mm in size, the light maximum deflection an- 
gle is set to about 35 degrees, the resonance frequency 
of the light deflector is set to about 22 kHz, the width of 
the torsion spring 3 is set to 75 jim, and the length of 
one side of the torsion spring 3 is set to 3000 ujti. In the 

10 first embodiment, the thickness of the movable plate 6 
and the torsion spring 3 are set to 200 p.m that is the 
same as that of the support substrate 2, but if a portion 
on which the torsion spring 3 will be formed is dug 
through etching before formation, the thickness of the 

is torsion spring 3 can be more thinned. In this case, the 
length of the torsion spring 3 can be set to be shorter. 
Also, in all of the following embodiments, the light de- 
flector can be structured with the same size as that in 
this embodiment. 

20 [0054] Now, a method of manufacturing the light de- 
flector 21 according to this embodiment will be de- 
scribed with reference to Figs. 11 A to 11 J. Figs. 11 A to 
11 J are process diagrams showing the manufacturing 
method of the light deflector 21 according to this embod- 

25 iment through dry etching. 

[0055] First, a mask layer 101 of silicon oxide is 
formed on both surfaces of a flat silicon substrate 104 
through thermal oxidation as shown in Fig. 11 A. Then, 
the silicon oxide on a side surface opposite to a surface 

30 used as the reflection surface 4 is removed through a 
wet etching method or the like. Also, as shown in Fig. 
1 1 B, an aluminum layer 1 02 thatforms the reflection sur- 
face 4 is vapor-deposited on a silicon oxide removed 
surface, and thereafter a portion on which the reflection 

35 surface 4 is going to be formed is formed with a pho- 
toresist layer 103. Then, the aluminum layer 102 is pat- 
terned in such a manner that only the reflection surface 
remains through the wet etching using a solvent (for ex- 
ample, H3PO4, HNO3, CH3COOH and H 2 0 mixture so- 

40 lution, or the like) which erodes aluminum with the pho- 
toresist layer 1 03 functioning as a mask, and thereafter 
the resist layer 103 is removed. 

[0056] Subsequently, as shown in Fig. 11C : a photore- 
sist layer (not shown) is formed on a surface on which 

45 the aluminum layer 1 02 is not vapor-deposited by using 
a mask corresponding to the outer configuration of the 
support substrate 2, the movable plate 6 and the torsion 
spring 3. Then, the silicon oxide layer 101 is patterned 
through a dry etching process using a gas (for example, 

50 CF 4 or the like) which erodes silicon oxide so that the 
portions of the support substrate 2, the torsion spring 3 
and the movable plate 6 remain, to thereby form a first 
pattern 105. Thereafter, the photoresist layer is re- 
moved. Also, as shown in Fig. 11D, silicon is dryetched 

55 by using an ICP-RIE (inductively coupled plasma-reac- 
tive ion etching) device to conduct a first etching 106. 
The amount of etching is as much as the thickness of 
the movable plate 6 that remains on the bottom of the 
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final recessed portion 5C. 

[0057] Then, as shown in Fig. 1 1 E, a second pattern 
107 is formed through a similar process to that of the 
first pattern 105 by using a mask corresponding to the 
configuration of a portion on which the recessed portion 
5C is going to be formed. Also, as shown in Fig. 11 F, 
the dry etching process is conducted by using the 
ICP-RIE device to conduct a second etching 108. The 
amount of etching is as much as a dimensional differ- 
ence of the depth between the final recessed portions 
5C and 5B'. In addition, as shown in Fig. 11G, a third 
pattern 109 is formed through a similar process to that 
of the first pattern 105 by using a mask corresponding 
to the configuration of a portion on which the recessed 
portion 5B' is going to be formed. 
[0058] Subsequently, as shown in Fig. 11 H, dry etch- 
ing processing is performed by using ICP-RIE device to 
perform a third etching 1 1 0. The amount of etching is as 
much as a dimensional difference of the depth between 
the final recessed portions 5B' and 5A\ In addition, as 
shown in Fig. 11 1, a fourth pattern (not shown) is formed 
by using a mask corresponding to the configuration of 
a portion on which the recessed portion 5A' is going to 
be formed. This pattern is used as an etching mask to 
perform a dry etching processing by using the ICP-RIE 
device. Thus, a fourth etching 111 is performed. 
[0059] The recessed portion 5A' is formed through the 
fourth etching 111, and the torsion spring 3 and the mov- 
able plate 6 are released from the silicon substrate 1 04 
so that the movable plate 6 and the torsion spring 3 are 
formed integrally. Finally as shown in Fig. 11 J, the sili- 
con oxide layer 1 01 is removed, to thereby complete the 
light deflector in which the support substrate 2, the mov- 
able plate 6, the reflection surface 4, the torsion spring 
3 and the recessed portions 5A\ 5B' and 5C are inte- 
grally formed. 

[0060] In the light deflector 21 according to this em- 
bodiment, the movable plate 6 is elastically supported 
by the torsion spring 3 that is torsion-oscillatable, and 
the reflection surface 4 formed on the movable plate 6 
is continuously torsion-oscillated by a driving means not 
shown, thereby being capable of deflecting and scan- 
ning the incident light, as in the first and second embod- 
iment. Also, in this embodiment, single crystal silicon is 
etched by using the ICP-RIE device, to thereby process 
the single crystal silicon with precision so as to structure 
the light deflector. 

[0061] The single crystal silicon not only has the ma- 
terial characteristics that are very suitable for the mov- 
able plate of the deflector because of the small density 
and the high rigidity, but also obtains an optically smooth 
surface by using the mirror ground surface of silicon 
substrate. Therefore, the inertia moment can be re- 
duced without deteriorating the rigidity with a very sim- 
ple process with respect to the movable plate having the 
reflection surface whose structural dimensions are in 
the order of from mm to u.m. Also, the reflection surface 
can be formed on a smooth surface, and the optical per- 



formance of the reflection surface is not deteriorated. 
(Fourth Embodiment) 

5 [0062] Fig. 12 is a perspective view showing a light 
deflector in accordance with a fourth embodiment of the 
present invention. The same parts as those in Fig. 9 are 
denoted by like reference. The light deflector 31 accord- 
ing to this embodiment is so formed as Urprovide a step 

10 structure such that the thickness is more thinned as it is 
away in a direction orthogonal to the torsion axis of the 
torsion spring 3 in the rear surface side of the movable 
plate 6. That the thickness of the movable plate 6 thus 
changes in a step configuration means that the movable 

is plate 6 has the recessed portion in this embodiment. In 
this embodiment, the step configuration is formed over 
the entire region of the rear surface of the movable plate 
6 except for a region on the extension of the torsion 
spring 3, that is, the entire region on both sides of the 

20 region on the extension of the torsion spring 3. It is need- 
less to say that as least only one region of those regions 
on both sides may provide the step configuration. The 
support substrate 2, the movable plate 6, the reflection 
surface 4 and the torsion spring 3 are formed integrally 

25 w ith each other through the micro-machining technique 
applying the semiconductor manufacturing technique. 
[0063] As described above, since the step structure 
is provided so that the thickness of the movable plate 6 
becomes smaller toward the positions farther from the 

30 torsion axis of the torsion spring 3, the movable plate 6 
is lightened more than that in the first to third embodi- 
ments, thereby being capable of further reducing the in- 
ertia moment at the time of torsion oscillation. Also, the 
step structure of the movable plate 6 contributes more 

35 to the inertia moment of the entire movable plate 6, and 
only a portion where the moment applied at the time of 
torsion oscillation is small can be removed preferential- 
ly. Therefore, the advantages that the inertia moment is 
reduced while keeping the high rigidity can be obtained. 

40 [0064] There are many cases in which a wall surface 
of another substrate is close to the rear surface of the 
movable plate 6 when the light deflector is mounted. 
When a narrow gap is formed between the movable 
plate 6 and the wall surface at the time of the torsion 

45 oscillation of the movable plate 6, the damping effect 
due to the viscosity of the atmosphere becomes remark- 
able. This causes the Q value of oscillation in the case 
of conducting the resonance frequency driving to be 
greatly lowered, and the deflection angle of the light de- 

50 flector to be remarkably made small. 

[0065] Because the movable plate 6 of the light de- 
flector 31 according to this embodiment can be struc- 
tured in such a manner that a gap becomes larger to- 
ward the outer peripheral portion of the movable plate 

55 6 due to the step structure formed on the rear surface, 
the damping effect can be suppressed. Therefore, even 
in the case of using the movable plate 6 whose area is 
large, the effect of suppressing the deterioration of the 
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Q value is provided. In this embodiment, the spring 3 
may be shaped in the X-shaped section as in the first 
embodiment, or only one of the surfaces between which 
the torsion spring 3 of the movable plate 6 is interposed 
may have the step configuration as described above. 
[0066] Now, the method of manufacturing the light de- 
flector 31 in accordance with this embodiment will be 
described with reference to Figs. 13A to 13J. Figs. 13A 
to 1 3J are process diagrams showing the manufacturing 
method through the dry etching of the light deflector 31 
in this embodiment. 

[0067] First, as shown in Fig. 13A, a mask layer 101 
of silicon oxide is formed on both surfaces of a silicon 
substrate 104 through thermal oxidation. Then, the sili- 
con oxide on a side surface opposite to a surface used 
as the reflection surface 4 is removed through a wet 
etching method or the like. Also, as shown in Fig. 12B, 
an aluminum layer 1 02 that forms the reflection surface 
4 is vapor-deposited on a silicon oxide removed surface, 
and thereafter a portion on which the reflection surface 
4 is going to be formed is formed with a photoresist layer 
103. In addition, the aluminum layer 102 is patterned in 
such a manner that only the reflection surface remains 
through the wet etching using a solvent (for example, 
H3PO4, HN0 3j CH3COOH and H 2 0 mixture solution, or 
the like) which erodes, aluminum with the photoresist 
layer 103 functioning as a mask, and thereafter the re- 
sist layer 103 is removed. 

[0068] Subsequently, as shown in Fig. 13C, a pho- 
toresist layer (not shown) is formed on a surface on 
which the aluminum layer 102 is not vapor-deposited by 
using a mask corresponding to the outer configuration 
of the support substrate 2, the movable plate 6 and the 
torsion spring 3. Then, the silicon oxide layer 101 is pat- 
terned through a dry etching process using a gas (for 
example, CF 4 or the like) which erodes silicon oxide so 
that the portions of the support substrate 2, the torsion 
spring 3 and the movable plate 6 remain, to thereby form 
a first pattern 105. Thereafter, the photoresist layer is 
removed. Then, as shown in Fig. 13D, silicon is 
dryetched by using an ICP-RIE (inductively coupled 
plasma- reactive ion etching) device to conduct the first 
etching 106. The amount of etching is a minimum di- 
mension value (i.e., thickness dimension value of the 
outermost portion) of the thickness of the final movable 
plate 6. 

[0069] Then, as shown in Fig. 13E, a second pattern 
1 07 is formed through a similar process to the first pat- 
tern 105 by using a mask corresponding to the configu- 
ration of the step structure of the movable plate 6. Also, 
as shown in Fig. 13F, the dry etching process is con- 
ducted by using the ICP-RIE device to conduct a second 
etching 108. The amount of etching is as much as a di- 
mension of the one-step thickness corresponding to the 
step structure of the final movable plate 6. In addition, 
as shown in Fig. 13G, a third pattern 109 is formed 
through a similar process to that of the first pattern 1 05 
by using a mask corresponding to the configuration of 



a third step of the step structure of the movable plate 6. 
[0070] Subsequently, as shown in Fig. 13H, dry etch- 
ing is performed by using the ICP-RIE device, thereby 
performing the third etching 110. The amount of etching 

5 is as much as a dimension of the one-step thickness 
corresponding to the step structure of the final movable 
plate 6. In addition, as shown in Fig. 131, the fourth pat- 
tern (not shown) is formed by using a mask correspond- 
ing to the configuration of a fourth step of the step struc- 

10 ture of the movable plate 6. This pattern is used as the 
etching mask to perform a dry etching processing by us- 
ing the ICP-RIE device. Thus, the fourth etching 111 is 
performed. 

[0071] Through the fourth etching 111, the torsion 

15 spring 3 and the movable plate 6 are released from the 
silicon substrate 104. Finally, as shown in Fig. 13J, the 
silicon oxide layer 101 is removed, to thereby complete 
the light deflector in which the support substrate 2, the 
movable plate 6, the reflection surface 4 and the torsion 

20 spring 3 are integrally formed. 

[0072] Also, in the light deflector 31 according to this 
embodiment, the movable plate 6 is elastically support- 
ed by the torsion spring 3 that is torsion-oscillatable, and 
the reflection surface 4 formed on the movable plate 6 

25 js continuously torsion-oscillated by a driving means not 
shown, thereby being capable of deflecting and scan- 
ning the incident light, likewise. Also, in the light deflec- 
tor 31 according to this embodiment, single crystal sili- 
con is etched by using the ICP-RIE device, to thereby 

30 process the single crystal silicon with precision so as to 
structure the light deflector. 

[0073] The advantages of dry-etching the single crys- 
tal silicon to structure the light deflector 31 are similar 
to those of the light deflector 21 according to the above- 

35 mentioned third embodiment. In addition, since there 
can be provided a cubic structure in which the thickness 
is thinned along the outer peripheral direction of the 
movable plate 6 by etching with the structure in which 
the rear surface of the movable plate 6 is of the step 

40 structure, the inertia moment can be greatly reduced 
while keeping the high rigidity. 

(Fifth Embodiment) 

[0074] Fig. 14 is a perspective view showing a light 
deflector in accordance with a fifth embodiment of the 
present invention. The light deflector 41 according to 
this embodiment is designed in such a manner that both 
ends of the movable plate 6 is elastically supported to 

50 the support substrate 2 that is a silicon substrate of crys- 
tal orientation (110) by the torsion spring 3 that is sup- 
ported torsion-oscillatably, and the reflection surface 4 
is formed on one surface of the movable plate 6. Also, 
through-hoies 7 that are recessed portions are formed 

55 in the movable plate 6 and the reflection surface 4. 
[0075] The support substrate 2, the movable plate 6, 
the reflection surface 4, the torsion spring 3 and the 
through-holes 7 are formed integrally with each other in 
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such a manner that a silicon nitride film formed on the 
silicon substrate in advance is patterned by using a 
mask corresponding to the configuration of the movable 
plate 6, the torsion spring 3 and the through-holes 7 with 
respect to both surfaces of the silicon substrate, and an- 
isotropic wet etching with such as potassium hydroxide 
aqueous solution is conducted to finally remove the sil- 
icon nitride. 

[0076] The through-holes 7 are formed outside of the 
circular shape indicated by reference B, and the portion 
B indicates a beam spot on the reflection surface 4 when 
conducting the light deflection by the light deflector 41 
with a laser whose maximum intensity is 1/e 2 . Since the 
light deflector 41 according to this embodiment con- 
ducts the anisotropic wet etching by using the silicon 
substrate of crystal orientation (110), the configuration 
of the movable plate 6 is limited to a polygonal configu- 
ration corresponding to the (111) plane of the single 
crystal silicon as shown in Fig. 13. For that reason, in 
the light deflector 41 formed so as to reflect the entire 
beam spot according to this embodiment, because a 
portion that does not contribute to the reflection exists 
outside of the portion B, the through-hole 7 is formed in 
that portion, thereby being capable of reducing the iner- 
tia moment of the movable plate 6 without deteriorating 
the optical characteristic of the light deflector 
[0077] Also, in this embodiment, the torsion spring 3 
may be shaped in an X-shaped section, or a recessed 
portion may be formed on the side surface of the mov- 
able plate 6. Also, the through-hole 7 may be formed on 
only one of the surfaces of the movable plate 6 between 
which the torsion axis of the torsion spring 3 is inter- 
posed. Also, in this embodiment, a mode in which the 
extending direction of the torsion spring 3 is not in par- 
allel with the outer side of the support substrate 2 is 
shown in Fig. 14. However as in other embodiments, in 
this embodiment, the ends of two spatial portions that 
are surrounded by the movable plate 6, the support sub- 
strate 2 and the torsion spring 3 and also adjacent to 
each other through the torsion spring 3 in the longitudi- 
nal direction may be aligned. 

(Sixth Embodiment) 

[0078] Fig. 15 is a diagram showing an optical device 
using the above-mentioned light deflector in accordance 
with an embodiment. In this embodiment, an image dis- 
play device is shown as the optical device. Referring to 
Fig. 15, reference numeral 201 denotes a light deflector 
group 21 in which two light deflectors are arranged in 
such a manner that the deflecting directions of the light 
deflectors according to the first to fifth embodiments are 
orthogonal to each other, which is used as an optical 
scanner device that raster-scans an incident light in the 
horizontal and vertical directions in this embodiment. 
Reference numeral 202 denotes a laser beam source. 
Reference numeral 203 is a lens or a lens group, 204 is 
a write lens or lens group, and 205 is a projection sur- 



face. The laser beam incident from the laser beam 
source 202 is subjected to a given intensity modulation 
related to the light scanning timing and two-dimension- 
ally scanned by the light deflector group 201. The 

5 scanned laser beam allows an image to be formed on 
the projection surface 205 through the write lens 204. In 
this way, the optical device according to this embodi- 
ment can be used as a light write means into a laser 
scanning type image display apparatus for displaying an 

10 image to a projection surface, i.e., a laser scanning type 
projector. 

(Seventh Embodiment) 

15 [0079] Fig. 1 6 is a diagram showing an optical device 
using the above-mentioned light deflector in accordance 
with another embodiment. In this embodiment, an Image 
display device is shown as the optical device. Referring 
to Fig. 16, reference numeral 201 denotes a light deflec- 

20 tor in accordance with the first to fifth embodiments, and 
is used as an optical scanner device that scans one- 
dimensionally an incident light. Reference numeral 202 
denotes a laser beam source. Reference numeral 203 
is a lens or a lens group, 204 is a write lens or lens group, 

25 and 206 is a photosensitive member. The laser beam 
emitted from the laser beam source 202 is subjected to 
a given intensity modulation related to the light scanning 
timing and one-dimensionally scanned by the light de- 
flector 201 . The scanned laser beam allows an image 

30 to be formed on the photosensitive member 206 through 
the write lens 204. 

[0080] The photosensitive member 206 is uniformly 
charged by a charger not shown, and a laser beam 
scans the photosensitive member 206 to form an elec- 
ts trostatic latent image on the portion of the photosensi- 
tive member. Then, a toner image is formed on an image 
portion of the electrostatic latent image by a developing 
unit not shown, and the toner image is transferred and 
fixed onto, for example, a sheet not shown, to thereby 
40 form an image on the sheet. 

[0081] In the above-mentioned respective embodi- 
ments, the light deflector or the diffraction grating is ex- 
emplified as one example, but the torsion oscillating 
member according to the present invention may be em- 
45 ployed as an angular velocity sensor or the like besides 
the light deflector. Then, since the torsion oscillating 
member according to the present invention is formed 
with the recessed portion at a location apart from the 
shaft on one surface of the movable plate, the inertia 
50 moment of the movable plate can be reduced while en- 
suring the high rigidity, and the spring rigidity of the shaft 
can be set to be smaller while being the fine torsion os- 
cillating member having the dimensional order of from 
nm to mm, thereby being capable of reducing the dy- 
55 namic deflection at the time of torsion vibration. 

[0082] Also, as described above, according to the 
present invention, since the recessed portion is formed 
on a surface of the movable plate opposite to the reflec- 
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tion surface, thereby being capable of reducing the in- 
ertia moment of the movable plate while ensuring the 
high rigidity, and in the fine light deflector having the di- 
mensional order of from u,m to mm, the spring rigidity of 
the elastic support portion can be set to be smaller, 
thereby being capable of reducing the dynamic deflec- 
tion at the time of torsion vibration. For that reason, there 
can be realized the downsized light deflector that can 
be driven at a high speed, can be driven at a large de- 
flection angle even by an actuator of a low generating 
force, and is small in distortion even at the high speed 
operation. 

[0083] Also, since the light deflector is integrally man- 
ufactured by using single crystal silicon, single crystal 
silicon not only provides a material characteristic low in 
the density and high in the rigidity, but also enables the 
fine processing through the etching process, thereby 
obtaining an optical smooth surface if the mirror ground 
surface of the silicon substrate is employed. Therefore, 
the support substrate, the elastic support portion and the 
movable plate are formed from the silicon substrate of 
single crystal by using the etching technique, and a re- 
cessed portion is formed on one surface of the movable 
plate whereas a reflection surface is formed on the other 
surface thereof, thereby being capable of manufacturing 
the light deflector through a very simple process and al- 
so forming the reflection surface on the smooth surface. 
[0084] The foregoing description of the preferred em- 
bodiments of the invention has been presented for pur- 
poses of illustration and description. It is not intended to 
be exhaustive or to limit the invention to the precise form 
disclosed, and modifications and variations are possible 
in light of the above teachings or may be acquired from 
practice of the invention. The embodiments were cho- 
sen and described in order to explain the principles of 
the invention and its practical application to enable one 
skilled in the art to utilize the invention in various em- 
bodiments and with various modifications as are suited 
to the particular use contemplated. It is intended that the 
scope of the invention be defined by the claims append- 
ed hereto, and their equivalents. 
[0085] There is disclosed a light deflector in which 
both ends of a movable plate is supported to a support 
substrate by an elastic support portion, a reflection sur- 
face is formed on one surface of the movable plate, and 
the movable plate is torsion-oscillated about a torsion 
axis of the elastic support portion as a center to deflect 
an incident light that enters the reflection surface, 
wherein a recessed portion is formed on at least one 
side surface of both sides, which is a surface on which 
the reflection surface is not formed, and between which 
the torsion axis of the elastic support portion is inter- 
posed. 



Claims 

1. A light deflector in which both ends of a movable 



plate is supported to a support substrate by an elas- 
tic support portion, a reflection surface is formed on 
one surface of the movable plate, and the movable 
plate is torsion-oscillated about a torsion axis of the 

5 elastic support portion as a center to deflect an in- 

cident light that enters the reflection surface, where- 
in a recessed portion is formed on at least one side 
surface of both sides, which is a surface on which 
the reflection surface is not formed, and between 

10 which the torsion axis of the elastic support portion 
is interposed. 

2. The light deflector according to claim 1 , wherein the 
recessed portion is formed on at least one surface 
15 of both sides, which is a surface of the movable 
plate opposite to the reflection surface, and be- 
tween which the torsion axis of the elastic support 
portion is interposed. 

20 3. The light deflector according to claim 2, wherein a 
plurality of recessed portions are formed along the 
torsion axial direction of the elastic support portion. 

4. The light deflector according to claim 2, wherein a 
25 plurality of recessed portions are formed outwardly 

from a center of the torsion axis of the elastic sup- 
port portion, and the plurality of recessed portions 
are formed so as to gradually outwardly increase at 
least one of its diameter and its depth. 

30 

5. The light deflector according to claim 1 , wherein the 
recessed portion is formed on a side surface of the 
movable plate. 

35 6. The light deflector according to claim 1 , wherein the 
recessed portion is formed apart from the torsion 
axis of the movable plate and is not formed in the 
vicinity of the torsion axis. 

40 7. The light deflector according to claim 1, wherein 
there is provided a driving means for relatively driv- 
ing the movable plate with respect to the support 
substrate. 

45 8. The light deflector according to claim 7, wherein the 
driving means is an electromagnetic actuator in- 
cluding a fixed core, a coil that is wound around the 
fixed core and a movable core fixed on one of sur- 
faces between which the torsion axis center of the 

so elastic support portion of the movable plate is inter- 
posed. 

9. The light deflector according to claim 1 , wherein the 
reflection surface is a reflection diffraction grating. 

55 

10. The light deflector according to claim 1 , wherein the 
elastic support portion has an X-shaped cross-sec- 
tion. 
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1 1 . The light deflector according to claim 1 , wherein the 
support substrate, the elastic support portion, the 
movable plate and the recessed portion are inte- 
grally formed with each other by single crystal sili- 
con. 

1 2. The light deflector according to claim 1 1 , wherein a 
surface of the movable plate on which the reflection 
surface is formed is formed of a (100) plane of a 
silicon crystal face. 

13. The light deflector according to claim 11 , wherein a 
recessed portion on a side surface of the movable 
plate is formed of a (111) plane of a silicon crystal 
face. 

14. The light deflector according to claim 11 , wherein a 
recessed portion on one surface of the movable 
plate is formed of a (111) plane of a silicon crystal 
face. 

15. The light deflector according to claim 11, wherein 
the elastic support portion has an X-shaped cross- 
section which is surrounded by a (1 00) plane and a 
(111) plane of a silicon crystal face. 

16. A light deflector in which both ends of a movable 
plate is supported to a support substrate by an elas- 
tic support portion, a reflection surface is formed on 
one surface of the movable plate, and the movable 
plate is torsion-oscillated about a torsion axis of the 
elastic support portion as a center to deflect an in- 
cident light that enters the reflection surface, where- 
in at least one of surfaces, which is a surface of the 
movable plate opposite to the reflection surface, 
and between which the torsion axis of the elastic 
support portion is interposed, is made a step con- 
figuration so as to gradually outwardly reduce the 
thickness of the movable plate. 

17. The light deflector according to claim 16, wherein 
the elastic support portion has an X-shaped cross- 
section. 

18. The light deflector according to claim 16, wherein 
the support substrate, the elastic support portion, 
the movable plate and the step portion are integrally 
formed with each other by single crystal silicon. 

19. A light deflector in which both ends of a movable 
plate is supported to a support substrate by an elas- 
tic support portion, a reflection surface is formed on 
one surface of the movable plate, and the movable 
plate is torsion-oscillated about a torsion axis of the 
elastic support portion as a center to deflect an in- 
cident light that enters the reflection surface, where- 
in a through-hole is formed on at least one of sur- 
faces between which the torsion axis of the elastic 



support portion of the movable plate is interposed 
and in the periphery of the effective reflection region 
of the movable plate. 

5 20. The light deflector according to claim 19, wherein a 
recessed portion is formed on a side surface of the 
movable plate. 

21. The light deflector according to claim 19, whe. 3in 
10 the elastic support portion has an X-shaped cross- 
section. 

22. The light deflector according to claim 19, wherein 
the support substrate, the elastic support portion, 

15 the movable plate and the through-hole are integral- 
ly formed with each other by single crystal silicon. 

23. An optical device comprising the light deflector ac- 
cording to claim 1 . 

20 

24. A method of manufacturing a light deflector, corn- 
prising the steps of: 

forming mask layers on both surfaces of a sili- 
25 con substrate; 

removing the mask layer on a surface where a 
reflection surface is formed, with the mask layer 
corresponding to the outer configuration por- 
tions of a support substrate, an elastic support 
30 portion and a movable plate being left unre- 

moved; 

removing the mask layer on an opposite side to 
the surface where the reflection surface is 
formed, with the mask layer corresponding to 
35 the outer configuration portions of a support 

substrate, an elastic support portion and a mov- 
able plate being left unremoved, and removing 
the mask layer on the recessed portion of the 
movable plate; 

40 emerging the silicon substrate in an alkali aque- 

ous solution and conducting an anisotropic 
etching process to separate the silicon sub- 
strate into the support substrate, the elastic 
support portion and the movable plate, and 
45 forming a recessed portion in one surface of the 

movable plate; 

removing the mask layer on the silicon sub- 
strate; and 

forming a reflection film on the surface on which 
so the reflection surface of the movable plate is 

formed. 

25. The method according to claim 24, wherein a re- 
cessed portion is formed on a side surface of the 

55 movable plate at the same time in the anisotropic 
etching process step. 

26. The method according to claim 24, wherein the 



30 



35 



40 



14 



BNSDOCID: <EP 1275997A2_I_> 



27 



EP 1 275 997 A2 



28 



elastic support portion is formed into an X-shaped 
cross-section at the same time in the anisotropic 
etching process step. 

27. A method of manufacturing a light deflector, com- 
prising the steps of: 

forming a mask layer on one surface of a silicon 
substrate; 

forming a reflection film on a portion of the other 
surface of the silicon substrate on which a re- 
flection surface is formed; 
removing the mask layer formed on the silicon 
substrate portions where a support substrate, 
an elastic support portion and a movable plate 
are formed being left unremoved, and etching 
the regions of the silicon substrate, with the re- 
gions the support substrate, the elastic support 
portion and the movable portion being left un- 
etched, to a given depth through a dry etching 
process; 

repeatedly conducting the removal of the re- 
cessed portion of the mask layer formed on the 
silicon substrate and the etching of the given 
depth due to the dry etching of the silicon sub- 
strate in accordance with the number of re- 
cessed portions formed on the movable plate 
in a direction crossing the torsion axis of the 
elastic support portion, to thereby separate the 
silicon substrate into the support substrate, the 
elastic support portion and the movable plate, 
and to form on the movable plate a plurality of 
recessed portions that gradually outwardly in- 
crease its diameter and its depth from the tor- 
sion axis; and 

removing the mask layer of the silicon sub- 
strate. 

28. A method of manufacturing a light deflector, com- 
prising the steps of: 

forming a mask layer on one surface of a silicon 
substrate; 

forming a reflection film on a portion of the other 
surface of the silicon substrate on which a re- 
flection surface is formed; 
removing the mask layer formed on the silicon 
substrate portions where a support substrate, 
an elastic support portion and a movable plate 
are formed being left unremoved, and etching 
the regions of the silicon substrate, among the 
regions the support substrate, the elastic sup- 
port portion and the movable portion being left 
unetched, to a given depth through a dry etch- 
ing process; 

repeatedly conducting the removal of a flat por- 
tion of a step configuration portion of the mask 
layer formed on the silicon substrate and the 



etching of the given depth due to the dry etching 
of the silicon substrate in accordance with the 
number of step configurations formed on the 
movable plate, to thereby separate the silicon 

5 substrate into the support substrate, the elastic 

support portion and the movable plate, and to 
form on the movable plate step portions that 
gradually outwardly increase its diameter and 
its depth from the torsion axis; and 

10 removing the mask layer of the silicon sub- 

strate. 

29. A torsion oscillating member comprising a movable 
plate, a shaft and a support substrate, in which the 

is movable plate is supported to the support substrate 
by the shaft connected to both ends of the movable 
plate, and the movable plate is torsion-oscillatable 
about the shaft as a center, wherein a recess is 
formed on at least one region of both sides between 

20 which a region on the extension of the shaft is in- 
terposed on one face of the movable plate. 

30. The torsion oscillating member according to claim 
29, wherein the shape of the recessed portion is a 

25 step configuration. 

31. The torsion oscillating member according to claim 
29, wherein the recessed portion is a through-hole. 
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